Background
==========

In elderly patients with dementia, transient events, including syncope and confusion, are the most common neurological emergencies \[[@b1-amjcaserep-20-1883]\]. In such cases, the differential diagnoses should include status epilepticus, which is a potentially treatable cause of altered consciousness in the elderly \[[@b3-amjcaserep-20-1883]\]. Although the diagnosis of convulsive status epilepticus is based on the clinical presentation \[[@b2-amjcaserep-20-1883]\], assessment of non-convulsive status epilepticus (NCSE) is usually challenging in patients with dementia. Difficulty in the early diagnosis of NCSE is due to the lack of significant motor phenomena and the presence of symptoms and signs that overlap with those of other critical conditions, such as transient ischemic attack (TIA), stroke, hypoglycemia, and metabolic encephalopathy \[[@b3-amjcaserep-20-1883]\].

In the ictal phase, electroencephalography (EEG) is required to confirm the diagnosis of NCSE \[[@b4-amjcaserep-20-1883]\]. However, the use of emergency or continuous EEG recordings are limited in general emergency units that are not part of specialized epilepsy centers. Recently, arterial spin-labeling (ASL) perfusion magnetic resonance imaging (MRI) has become a more commonly used imaging tool for the early clinical diagnosis of disorders such as stroke, tumors, status epilepticus, and dementia \[[@b5-amjcaserep-20-1883]--[@b7-amjcaserep-20-1883]\].

Therefore, as an alternative approach for the diagnosis of NCSE, particularly in cases that require the exclusion of acute stroke or causes of dementia, ASL is an important diagnostic approach to consider. Two patients with Alzheimer's disease are reported with clinically suspected NCSE presenting in the emergency setting who were diagnosed using the ASL-MRI sequences.

Case Reports
============

Case 1
------

A 69-year-old woman arrived by ambulance to our neurological emergency room with acute and worsening cognitive status and fluctuating level of consciousness. Several years previously, she had been diagnosed with mild Alzheimer's disease, according to the revised diagnostic criteria of the National Institute on Aging-Alzheimer's Association (NIA-AA) \[[@b8-amjcaserep-20-1883]\], She was also treated for diabetes and hypertension with oral medication. However, she occasionally experienced episodes of hypoglycemia, characterized by pallor and a reduced level of consciousness or transient seizures, but usually recovered with oral intake of carbohydrates. The use of a portable glucose meter indicated a blood sugar concentration of 9.4 mmol/L (170 mg/dl). On admission to the emergency department, she was found to have impaired verbal responses, although she remained functional with no apparent seizures.

Emergency brain MRI using a 1.5T SIGNA™ MRI scanner (GE Healthcare Life Sciences, Logan, UT, USA) showed slightly increased signal intensity in the parietal lobes bilaterally on diffusion-weighted imaging (DWI) ([Figure 1A, 1B](#f1-amjcaserep-20-1883){ref-type="fig"}). ASL-MRI sequences were acquired using pseudo-continuous arterial spin labeling (pCASL) perfusion, with 3D ASL, HDxtVer 23, and a post-labeling delay of 1525--2025 ms \[[@b5-amjcaserep-20-1883]\], showed focal cortical hyperperfusion in the superior and inferior parietal lobes bilaterally ([Figure 1C](#f1-amjcaserep-20-1883){ref-type="fig"}). The ASL findings involved neurodegenerative areas affected by early Alzheimer's disease, including the posterior cingulate and parietal cortex \[[@b9-amjcaserep-20-1883]\], which are associated with an increased risk of epilepsy \[[@b10-amjcaserep-20-1883]\]. Magnetic resonance angiography (MRA) showed no apparent vascular lesions ([Figure 1D](#f1-amjcaserep-20-1883){ref-type="fig"}). Subsequently, she experienced a generalized tonic-clonic seizure that began on the left side of the face and lasted for 5 minutes or more. The seizure was controlled by an intravenous bolus injection of diazepam (5 mg), followed by infusion with fosphenytoin (22.5 mg/kg). No epileptiform activity could be detected on EEG performed the next day, and cerebral ASL-MRI showed normal perfusion. The patient was discharged from the hospital 12 days after the onset of her symptoms.

Case 2
------

A 70-year-old man was admitted to the hospital as an emergency with loss of consciousness, left hemiparesis, and mild cognitive impairment. He had a known history of Alzheimer's disease, which was previously diagnosed according to the criteria of the Japanese Alzheimer's Disease Neuroimaging Initiative (J-ADNI) \[[@b11-amjcaserep-20-1883]\]. DWI showed slightly increased abnormal signal intensity around the right parietal cortex ([Figure 2A, 2B](#f2-amjcaserep-20-1883){ref-type="fig"}). ASL showed hyperperfusion in the right inferior parietal lobe and precuneus area of the superior parietal lobe ([Figure 2C, upper panel](#f2-amjcaserep-20-1883){ref-type="fig"}), which correlated well with hypoperfused brain areas associated with degenerative changes in Alzheimer's disease \[[@b10-amjcaserep-20-1883]\], and cortical involvement by a small ischemic lesion as a cause of post-stroke epilepsy \[[@b12-amjcaserep-20-1883]\]. No remarkable findings were demonstrated by MRA ([Figure 2D](#f2-amjcaserep-20-1883){ref-type="fig"}). While waiting for admission to a hospital bed, he experienced a generalized tonic-clonic seizure that started in the left hand, and which was controlled by infusion of intravenous diazepam (10 mg), and levetiracetam (500 mg), followed by an injection of propofol (2 mg/kg), after approximately 30 minutes. ASL-MRI performed on the following day showed normalization of the right lateral area of parietal hyperperfusion, and the hypoperfusion in the bilateral parietal lobes ([Figure 2C, lower panel](#f2-amjcaserep-20-1883){ref-type="fig"}). The EEG showed no apparent epileptogenic discharges. The patient was discharged from the hospital 10 days after the onset of his symptoms.

Discussion
==========

Alzheimer's disease, and mixed forms of dementia, including vascular dementia, are associated with between a 5-fold and 10-fold increased risk of developing epilepsy when compared with age-matched controls, which account for between 10--20% of cases of new-onset epilepsy \[[@b3-amjcaserep-20-1883]\]. Several factors may contribute to the development of secondary epilepsy, including the deposition of β-amyloid, neuronal loss, and gliosis involving the cerebral cortex, as well as dementia-related comorbidities associated with hypertension and diabetes \[[@b3-amjcaserep-20-1883]\].

Recent functional neuroimaging studies, using positron emission tomography (PET), have shown that posterior cerebral hypometabolism involving the posterior cingulate cortex and parietal lobes may contribute to the occurrence of epileptic seizures in Alzheimer's disease \[[@b13-amjcaserep-20-1883],[@b14-amjcaserep-20-1883]\]. It has been proposed that epileptic activity deactivates default mode networks, including the posterior cingulate cortex, leading to an altered level of consciousness and cognitive function during seizures \[[@b15-amjcaserep-20-1883]\]. The two cases presented in this report showed hyperperfusion in these posterior cerebral areas during ictal phase, followed by relative hypoperfusion after treatment. These findings supporting a higher incidence of NCSE in the brain areas most vulnerable to the increased production of proteins associated with Alzheimer's disease and with neurodegeneration \[[@b16-amjcaserep-20-1883]\]. Also, the involvement of previous cerebral ischemic infarction in Case 2 may have accelerated epileptogenic activities \[[@b12-amjcaserep-20-1883]\], although the relationship with Alzheimer's disease-associated parietal areas remains unclear.

In both cases presented in this report, emergency imaging using the ASL-MRI sequences showed hyperperfusion compatible with the clinical diagnosis of NCSE. The use of this novel imaging technique to detect NCSE requires comparative studies with current gold-standard diagnostic methods, including ictal EEG, using the Salzburg Consensus Criteria \[[@b4-amjcaserep-20-1883]\]. However, there exists a time-delay between the onset of NCSE and the initial findings on EEG, with an average interval of 73 hours reported in real-world emergency settings and acute ischemic stroke \[[@b7-amjcaserep-20-1883],[@b17-amjcaserep-20-1883]\]. Furthermore, the presence of a close association with pathophysiological processes that sustain cognitive impairment in dementia may also complicate the diagnosis. Also, in patients with suspected hypoglycemia, we may not know whether the patient had a diagnosis of NCSE, as hypoglycemia can also lead to bilateral hyperperfusion \[[@b18-amjcaserep-20-1883]\]. In the two cases presented in this report, a definitive diagnosis of NCSE was not possible because of the negative EEG findings following the treatment of their clinical symptoms. Although the clinical application of ASL perfusion MRI in the diagnosis of NCSE is proposed, recent reports have shown that perfusion abnormalities on ASL can identify 40% of elderly patients with status epilepticus \[[@b7-amjcaserep-20-1883]\]. Also, the use of ASL combined with DWI and MRI to assist early assessment of NCSE has also been validated by the use of ictal EEG \[[@b5-amjcaserep-20-1883],[@b19-amjcaserep-20-1883]\].

Conclusions
===========

To the best of our knowledge, this is the first report to demonstrate the feasibility of perfusion-based MRI using ASL sequences as an emergency tool that may help to diagnose clinically suspected NCSE in patients with Alzheimer's disease.
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![Case 1: A 69-year-old woman with Alzheimer's disease who presented with acute worsening of cognitive status and fluctuating level of consciousness. The upper and lower rows include MRI findings. (**A**). The diffusion-weighted images. (**B**) The fluid-attenuated inversion recovery images. (**C**) The ASL-MRI perfusion images. (**D**) Magnetic resonance angiography images obtained on admission and hospital day 2, respectively. Axial brain slices at the level of the lateral ventricles are shown (**A--C**). ASL shows focal areas of increased signal intensity, indicating hyperperfusion in the bilateral parietal lobes (thick blue arrows) and the precuneus area of the superior parietal lobe (thick white arrow).](amjcaserep-20-1883-g001){#f1-amjcaserep-20-1883}

![Case 2: A 70-year-old man with hypertension and early Alzheimer's disease who presented with loss of consciousness and left hemiparesis. The upper and lower rows show the MRI findings. (**A**) The diffusion-weighted images. (**B**) The fluid-attenuated inversion recovery images. (**C**) The ASL-MRI perfusion images. (**D**) The magnetic resonance angiography images obtained on hospital admission and hospital day 2, respectively. Axial brain slices at the level of the lateral ventricles (**A--C**) are shown. ASL showes hyperperfusion in the right inferior parietal lobe (thick blue arrows) and the precuneus area of the superior parietal lobe (thick white arrow). The yellow circles indicate chronic cortical infarction of the right parietal lobe.](amjcaserep-20-1883-g002){#f2-amjcaserep-20-1883}
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